To evaluate the association of first-trimester bleeding without miscarriage and complications later in the first pregnancy as well as in the next pregnancy.
CONCLUSION:
Women with first-trimester bleeding in the first pregnancy have an increased risk of complications later in the first pregnancy and of recurrence of first-trimester bleeding and other complications in the second pregnancy. (Obstet Gynecol 2010; 115:935-44) 
LEVEL OF EVIDENCE: II
F irst-trimester vaginal bleeding is one of the most common complications in pregnancy with an incidence of 15-25%. About half of these will end in miscarriage within 20 weeks of gestation, 1, 2 and those women who remain pregnant have an increased risk of developing other complications later in pregnancy. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Local hemostatic factors in the uterus during implantation, decidualization, and early pregnancy, for example, tissue factor expressed in cytotrophoblasts, 14 and systemic factors in the women during the ongoing pregnancy 15 seem to play distinct roles in a successful pregnancy; dysfunction of any of these factors could lead to an adverse outcome 16 ; for example, local formation of thrombin and soluble fms-like tyrosine kinase-1. Both of these seem to be involved in development of placental abruption and preeclampsia. 14 We hypothesize that first-trimester bleeding is a marker of a general proclivity to other pregnancy complications surfacing later in the pregnancy. Also, this proclivity will resurface in the next pregnancy as either first-trimester bleeding or other pregnancy complications or both.
Several studies have investigated the consequences of bleeding on the risk of complications later in the same pregnancy but not the association between two pregnancies. Therefore, we have designed a registry-based, retrospective cohort study investigating 1) the association between first-trimester bleeding and complications later in the first pregnancy and 2) the association between first-trimester bleeding in the first pregnancy and later pregnancy complications in the second pregnancy as well as the opposite association.
MATERIALS AND METHODS
The National Patient Registry has collected information on all discharge diagnoses and complications during pregnancy and delivery in Denmark since 1978. 17 We extracted information on all singleton deliveries in Denmark from January 1, 1978 , to October 1, 2007 , which
A list of diagnoses and International Classification of Diseases (ICD)-8 and ICD-10 codes pertaining to this article is available in the Appendix online at http://links.lww.com/AOG/A171.
accrued 1,795,806 deliveries of 965,475 women. From this population, we defined two cohorts free of cardiovascular morbidity, such as chronic hypertension and previous ischemic heart disease. Cohort 1 was defined as women aged 15 to 50 years with a first delivery (nϭ796,915), excluding those with a preceding cardiovascular diagnosis (nϭ11,605; 1.5%) or insulin-dependent and non-insulin-dependent diabetes (nϭ2,387; 0.3%) and women who died or emigrated within 3 months of delivery (nϭ65 and nϭ571, respectively). Cohort 1 consists of 782,287 women. Cohort 2 (a subpopulation of cohort 1) was defined as women with a second singleton delivery. Cohort 2 consists of 536,419 women.
The primary exposure was first-trimester bleeding defined as vaginal bleeding verified by a physician, that is, women referred to a clinic and diagnosed by a physician after having vaginal bleeding before 12 completed weeks of gestation. Gestational age was calculated from date of bleeding, date of delivery, and the reported gestational age at delivery. Of note, women with subsequent miscarriage or induced abortion before 20 completed weeks were not included in the study population. Women with bleeding and unknown gestational age were considered controls because we could not classify them as first-trimester bleedings. Likewise, many women with missing values of fetal growth were considered controls because of missing values in gestational age.
The outcomes (and secondary exposures) were preterm delivery, premature rupture of membranes (PROM), hypertensive pregnancy disorders, fetal growth, placental abruption, and stillbirth after 20 weeks of gestation. At delivery, gestational age and birth weight were recorded routinely. Initially, gestational age was assessed by the last menstruation period; gradually from 1978 to 2007, gestational age was determined by early second-trimester ultrasonography. A priori, we stratified preterm delivery into four groups by gestational age: 20 -27, 28 -31, and 32-37 completed weeks; we used deliveries after 37 completed weeks as the reference group. Fetal growth was measured by the birth weight standardized for sex and gestational age. 18 Small for gestational age (SGA) and large for gestational age (LGA) were defined as fetal growth 2 standard deviations (SDs) below and above the mean, respectively. Of note, we did not standardize for parity, which produces a higher proportion of SGA in the first pregnancy compared with the second pregnancy.
Analyzing preterm delivery and PROM, we excluded pregnancies complicated by hypertensive pregnancy disorders, SGA, placental abruption, and stillbirth to accrue a surrogate for spontaneous delivery.
Implausible values of birth weight, gestational age, fetal growth, and the combination of these were reassigned as missing values (nϭ963). Missing values were analyzed as a separate group. These occurred more frequently in the earlier years of the Registry.
The presence of vaginal bleeding, PROM, hypertensive pregnancy disorders, placental abruption, stillbirth, and cardiovascular diseases were assessed by the specific International Classification of Diseases-8 and -10 codes for these diagnoses (see the Appendix, available online at http://links.lww.com/A171). Given the binomial nature of these variables in the Registry, no missing values were recorded. The hypertensive pregnancy disorders were stratified into gestational hypertension, mild preeclampsia, and severe preeclampsia (including eclampsia and HELLP syndrome). The definition of preeclampsia has changed little during the 30-year study period, 19 and the frequency of preeclampsia in the Registry has remained almost stable. The accuracy of the diagnoses of the hypertensive pregnancy disorders in the Registry has in subpopulations been manually validated several times, accruing specificities above 99% for all types, but sensitivities at 10% for gestational hypertension and 69% for preeclampsia or positive predictive values of 56% for gestational hypertension, 100% for severe preeclampsia, and 74% for mild and severe preeclampsia combined. 19 We used multivariable logistic regression to calculate the associations. We included maternal age and year of delivery in all models and years between pregnancies in associations across two pregnancies. Initially we calculated stratified results, some of which are presented in the article. All odds ratios (ORs) are presented with 95% confidence intervals (CIs). SPSS 16.0 for Macintosh (SPSS Inc., Chicago, IL) was used for all calculations. 
RESULTS
The mean age at delivery was 26.8 (SD 4.6) years in cohort 1, and 25.9 (SD 4.0) and 29.5 (SD 4.2) years in cohort 2, the first and second deliveries, respectively. In cohort 1, 18,311 (2.3%) women had bleeding; in cohort 2, 11,563 (2.2%) and 12,262 (2.3%) women had first-trimester bleeding in the first and second deliveries, respectively.
In cohort one, women with first-trimester bleeding had an increased risk of delivering preterm later in the same pregnancy. The proportion of women experiencing first-trimester bleeding increased by decreasing gestational age at delivery (Table 1) . Firsttrimester bleeding increased the risk of preterm delivery in weeks 32-36 from 3.6% to 6.1% (OR 1.65; 95% CI 1.57-1.77) and in weeks 28 -31 from 0.3% to 0.9% (OR 2.98; 95% CI 2.50 -3.54). In addition, women with first-trimester bleeding had a 1.19-fold (95% CI 1.11-1.28) increased risk of PROM and 1.18-fold (95% CI 1.01-1.37) increased risk of preterm PROM, thus illustrating no effect modification by gestational age of PROM. Also, women with first-trimester bleeding had a 1.48-fold (95% CI 1.30 -1.68) increased risk of placental abruption (Table 1) .
In cohort 2, first-trimester bleeding in the first pregnancy increased the risk from 2.2% to 8.2% (OR 4.05; 95% CI 3.78 -4.34) of first-trimester bleeding in the second pregnancy (Table 2) . Also, first-trimester bleeding in the first pregnancy increased the risk of preterm delivery in the second pregnancy from 2.7% to 4.8% (OR 1.83; 95% CI 1.67-2.00), PROM from 3.1% to 4.1% (OR 1.40; 95% CI 1.27-1.54), placental abruption from 0.9% to 1.0% (OR 1.29; 95% CI 1.07-1.56), and stillbirth from 0.4% to 0.5% (OR 1.34; 95% CI 1.02-1.76) ( Table 3) . Only in the association with preterm delivery did we detect an effect modification by first-trimester bleeding in the second pregnancy and by preterm delivery in the first pregnancy (Tables 4 and 5 ); these factors diminished the effect of first-trimester bleeding in the first pregnancy. We also investigated the reverse association: women delivering preterm at gestational ages of 32-36 weeks in the first pregnancy had a 1.41-fold (95% CI 1.29 -1.55) increased risk of first-trimester bleeding in the second pregnancy. Women delivering in gestational age LGA, large for gestational age. Data are n (%) or odds ratio (95% confidence interval). Adjusted for maternal age and year of delivery (nϭ782,287). * Exclusion of pregnancies complicated by hypertensive pregnancy disorders, SGA, placental abruption, and stillbirth (nϭ694,917).
28 -31 weeks had a 2.57-fold (95% CI 2.02-3.28) increased risk (Table 6 ). No effect modification by bleeding in the first pregnancy was observed in the stratified analyzes (Table 7) .
DISCUSSION
Previous studies have linked first-trimester vaginal bleeding to preterm delivery, 7-12 PROM, 9,10,20 and placental abruption 8, 10, 21 in the same pregnancy. We found that first-trimester bleeding in the first pregnancy tends to recur and also carries a risk of complications over to the second pregnancy. Also, preterm delivery, PROM, and placental abruption in the first pregnancy carry a risk over to the second pregnancy of first-trimester bleeding.
The association between SGA and first-trimester bleeding-in the first pregnancy and across first and second pregnancies-was small and inconsistent, and previous studies have had difficulty in demonstrating the association 9 -11 ; in our study, first-trimester bleeding did not increase the risk of LGA. Also, preeclampsia was weakly associated with first-trimester bleeding in the first pregnancy; Weiss et al previously have reported an increased risk of preeclampsia after "light bleeding," but strangely not after "heavy bleeding," and, in contrast, Eskild and Vatten found a protective effect of early bleeding on the risk of developing preeclampsia. 10, 22 Stillbirth was not associated with first-trimester bleeding in the first pregnancy; however, stillbirth in the first pregnancy increased the risk PROM, premature rupture of membranes; SGA, small for gestational age. Data are n (%) or odds ratio (95% confidence interval) unless otherwise specified. All models are adjusted for maternal age at first delivery, year of delivery, and time between pregnancies. * For preterm delivery and PROM in second pregnancy, exclusions were women with hypertensive pregnancy disorders, SGA, placental abruption, and stillbirth in second pregnancy (nϭ503,546). † Fetal growth outcome SGA in second pregnancy. Data are n (%) or odds ratio (95% confidence interval) unless otherwise specified. Adjusted for maternal age at first delivery, year of delivery, and time between pregnancies.
of first-trimester bleeding in the second pregnancy, although this could be ascribed to bias; Johns and Jauniaux 9 and Williams et al 7 did not find an association in their studies.
Impaired invasion of cytotrophoblasts and remodeling of the spiral arteries in early placentation have been demonstrated in pregnancies ending in miscarriage 23 and also those pregnancies complicated PROM, premature rupture of membranes; SGA, small for gestational age. Data are n (%) or odds ratio (95% confidence interval). All models are adjusted for maternal age at first delivery, year of delivery, and time between pregnancies. * For preterm delivery and PROM in second pregnancy, exclusions were women with hypertensive pregnancy disorders, SGA, placental abruption, and stillbirth in second pregnancy (nϭ503,546). † Fetal growth SGA in second pregnancy . N/A, not applicable; PROM, premature rupture of membranes; AGA, appropriate for gestational age; SGA, small for gestational age;
LGA, large for gestational age. Data are n (%) or odds ratio (95% confidence interval). All models are adjusted for maternal age at first delivery, year of delivery, and time between pregnancies. * For preterm delivery and PROM in second pregnancy, exclusions were women with hypertensive pregnancy disorders, SGA, placental abruption, and stillbirth in second pregnancy (nϭ503,546). † Fetal growth SGA in second pregnancy.
by preterm delivery, PROM, and placental abruption 24 -26 and preeclampsia. 27 The same impaired placentation could be the link between first-trimester bleeding and complications later in pregnancy. 13 Another model, coined by Johns et al, 13 centers on the actual bleeding in the placental bed: An iron deposit may provoke a production of excessive oxidative stress, which has been linked to preterm delivery and PROM 28 and to preeclampsia. 15 A nidus will make an infection more likely, which also has been linked to preterm delivery. 28 -30 Also, decidual bleeding will generate excess amount of thrombin from decidualcell expressed tissue factor, which again could impede the ongoing implantation.
14 These models are not mutually exclusive; we found that first-trimester bleeding in the first pregnancy carries the risk of complications over into the second pregnancy and vice versa. This suggests a common proclivity of first-trimester bleeding and preterm delivery, PROM, and placental abruption.
The strengths and weaknesses of the study are based on the nature of the employed National Patient Registry, a large population-based cohort representing a census of delivering women. An incidence of 2.3% of first-trimester bleeding seems low in comparison with previous studies 1 ; for example, Mulik et al reported a 7.1% incidence. 8 Although there was underreporting, this difference may be ascribed to the inclusion of only viable pregnancies beyond 20 weeks of gestation.
2 Furthermore, the registry will include information only on women who sought medical assistance and were referred to a physician. In consequence, the woman herself could act as a bias: If a woman had serious complications in her first preg- PROM, premature rupture of membranes; SGA, small for gestational age;
LGA, large for gestational age; AGA, appropriate for gestational age. Data are n (%) or odds ratio (95% confidence interval). All models are adjusted for maternal age at first delivery, year of delivery, and time between pregnancies. * For preterm delivery and PROM in first pregnancy, exclusions were women with hypertensive pregnancy disorders, SGA, placental abruption, or stillbirth in first delivery (nϭ478,304). PROM, premature rupture of membranes; SGA, small for gestational age; AGA, appropriate for gestational age;
LGA, large for gestational age. Data are n (%) or odds ratio (95% confidence interval). All models are adjusted for maternal age at first delivery, year of delivery, and time between pregnancies. * For preterm delivery and PROM in first pregnancy, exclusions were women with hypertensive pregnancy disorders, SGA, placental abruption, and stillbirth in first pregnancy (nϭ478,304).
nancy, this experience could lower her threshold for seeking medical attention in second pregnancy. However, because of the prospective registration of the data, recall bias is not present. The validity of the hypertensive diagnoses in the National Patient Registry, demonstrating positive predictive values of 56% of gestational hypertension and 74% for preeclampsia, 19 warrants caution when interpreting the associations to these complications: The low-to-moderate predictive values will tend to underestimate the associations. Validation of PROM, placental abruption, and stillbirth remains to be performed.
Potential confounders such as socioeconomic status, assisted reproductive technology or fecundability, smoking, and body mass index could not be assessed in the present study. These could be risk factors for both vaginal bleeding and later pregnancy complications. Also, we could not distinguish between light and heavy bleeding, 10, 20 the presence of ultrasoundverified hematomas, 13 or inflammation, 28, 30 all of which have been associated with adverse pregnancy outcomes. Thus, the weaker associations should be interpreted with caution. However, the potential bias affects the biological interpretation of the associations, not the statistical predictive value of first-trimester vaginal bleeding for later pregnancy complications.
In conclusion, first-trimester vaginal bleeding is a clinical, relevant event for the obstetrician as a marker for preterm delivery, PROM, and placental abruption in the index pregnancy as well as in the subsequent pregnancy; these findings add to the evidence of the linkage and recurrence of pregnancy complications. 31 The linkage to these pregnancy complications may provide a basis for selective increased pregnancy surveillance as well as insight into the etiology of miscarriage, vaginal bleeding, and other pregnancy complications.
